Weed management is an important factor that influences the economic importance of cowpea as a cheap source of food and income for many farmers. A study was conducted to evaluate economic benefits of weed management methods used singly or in an integrated approach, and to understand the influence of row-spacing on economic benefits of weed management methods. Total variable cost of cowpea cultivation was substantially influenced by cost of weed control. A single input of hand weeding resulted in higher cost of weed control than a single input of PRE-herbicide for weed control. Increase in weed control inputs or frequency did not guarantee an increase in economic benefits. For example, removing weeds three times with hand at 3, 6 and 9 weeks after planting (WAP) during the cowpea growing season did not necessarily result in the highest yield, but rather increased the variable cost of weed control. Integrating PRE-herbicide and hand weeding for weed management resulted in the highest yield and gross profit. The lowest cost of weed control provided by using PRE-herbicide gave the highest benefit-cost ratio. The differences in economic values of weed management methods were mostly not affected by cowpea row-spacing, but generally, economic benefits of management methods decreased with increase in row-spacing. Practically, this study suggests that minimizing the use of hand weeding by complementing with PRE-herbicide for weed management could help to optimize yield, and increase profitability, particularly under a narrow row-spacing in cowpea cultivation.
Introduction
An integrated weed management (IWM) approach combines two or more weed control methods, which are likely to prove more effective than any single method in alleviating the build-up of weeds in a crop (Lamichhane et al., 2017) . IWM provides diverse weed control tools that are feasible in a given socio-economic situation and implies them in a very precise manner both spatially and temporally. Hand weeding is the conventional method of weed control in cowpea in many parts of Africa (Osipitan, 2017) . This weed control method is expensive, and labour is not usually available during the growing season due to workload (Lagoke et al., 1982) . The frequency of weed removal using the conventional method determines cowpea yield and farmers are often unaware of its importance (Adigun et al., 2014) . The use of herbicides in cowpea to control weeds appears to be useful (Dadari, 2003; Silva, 2003) , but are rarely used. Cowpea is more sensitive to herbicides than most of the other grain legumes crops, and there are limited herbicide options available that can provide a broad and long-lasting weed control throughout the cowpea growing season (Yadav et al., 2017) . One of the widely studied cultural methods that can potentially supplement other weed control tools in weed suppression and increase cowpea yield is row-spacing (or seeding rate). Cowpea planted with narrow spacing generally has quicker ground cover that provides shades for weed suppression (Adigun et al., 2014) . Hence, integrating these components of weed control could help to effectively manage weeds and reduce or, prevent yield loss in cowpea.
A number of factors limit the economic importance of cowpea (Vigna unguiculata L. Walp) as a cheap source of food and income to many farmers, and an important limiting factor is weed management (Lagoke & Shebayan, 1988) . Weeds alone could cause 25 to 69% yield loss in cowpea (Adigun et al., 2014) . There is an increasing suggestion for adoption of IWM approaches in crop production systems, as these approaches are usually effective, sustainable, and in some cases economical in managing weeds.
Studies have been conducted to evaluate weed management practices including IWM with the best agronomic yield in cowpea (Osipitan et al., 2013 (Osipitan et al., , 2016 Adigun et al., 2014) , however, reports have shown that a management practice with best agronomic yield may not necessarily translate to best economic benefit to farmers (Gupta et al., 2016; Sepat et al., 2017) . Therefore, the objectives of this study were to evaluate: (1) economic benefits of weed management methods used singly and in an integrated approach; (2) influence of row-spacing on economic benefits of weed management methods.
Materials and Methods

Field Study
Field trials were conducted during the early and late wet seasons of 2009 at the Federal University of Agriculture, Abeokuta (7 o 20′ N, 3 o 23′ E) in South Western Nigeria. The study was conducted in a split-plot design with weed management method as the main plot and row-spacing as the sub-plot treatment in three replications.
Treatments
The plot treatments for weed management methods were:
(1) Pre-emergence (PRE) application of Codal  (S-metolachlor, 16% w/w + Prometryn, 25% w/w) at 2.4 L/ha (T1); (2) PRE application of Codal  at 4.8 L/ha (T2); (3) PRE application of Codal  at 2.4 L/ha followed by (fb)
hand weeding/ha at 6 weeks after planting (WAP) (T3); (4) One hand weeding/ha at 3 WAP (T4); (5) Two hand weeding/ha at 3 and 6 WAP (T5); (6) Three hand weeding/ha at 3, 6 and 9 WAP (T6); (7) Unweeded control (T7).
The sub-plot treatments were row-spacing at 60, 75 and 90 cm, which were equivalent to 20, 16 and 11 kg ha -1 seeding rates, respectively.
Cowpea Variety, Planting and Management
The cowpea variety used was Ife Bimpe from Institute of Agricultural Research and Training, Nigeria. The seeds were medium sized, light brown in color, medium maturing (75 days), semierect and determinate. The land was ploughed and disk harrowed at two-week interval. Cowpea seeds were sown by hand as soon as the rain established in both early and late wet seasons. Fertilizers at the rate of 45 kg ha -1 each of P 2 O 5 and K 2 O were broadcasted before harrowing. The plot sizes were (3 × 4.5) m 2 and (1.5 × 3.0) m 2 respectively. PRE-emergence application of herbicide (Codal  ) was done with knapsack (CP3) sprayer calibrated to deliver a volume of 200 L ha -1 using a green deflector nozzle at a pressure of 2 kg cm -2 .
Harvesting
Cowpea pods from each net plot were harvested by hand as soon as the pods dried but before shattering. The harvested pods were sun dried for 4 days, and then threshed. Grains from the threshed pods of each plot were weighed, and yields were expressed on per hectare basis.
Economic Data
The collected economic data were based on either direct or indirect cost during the study. The direct cost were those incurred for each treatments during the study such as cost of seeds, herbicides, and planting. While the indirect cost were those not paid for during the study, but would ideally be paid for by a farmer on per hectare farming, and these includes cost of herbicide application, and hand weeding.
Economic Analysis
In this study, the concept of economic analysis of weed management methods and row-spacing in cowpea was based on gross profit analysis using partial budgeting.
Total Variable Cost (TVC) of Cultivation ($/ha)
Cost of cultivation was calculated based on cost of seeds, planting, and weed control. Others costs, such as tillage and harvesting cost were not included in the analysis, as they were constant and adding them resulted to negative economic values.
Total Revenue (TR) ($/ha)
Harvested grain yields were converted to total revenue ($/ha) based on existing market price. The formula used in calculating the revenue is shown below: 
Where, TR was total revenue per hectare ($/ha), Quantity was total cowpea grain yield harvested in kilograms per hectare (kg/ha), Price was the market price of cowpea ($/kg).
Gross Profit (GP) ($/ha)
Gross profit for each weed management method and/or row-spacing was calculated by deducting the total cost of cultivation from the return. The following formula was used to calculate the gross profit per hectare:
Where, GP was the gross profit per hectare ($/ha), TR was the total revenue per hectare ($/ha) and was calculated as shown in Equation 1, TVC is the total variable cost of cultivation ($/ha). This was calculated using the cost of planting, labor cost of weed control by hand weeding and by PRE-herbicide, and costs of PRE-herbicide as well as the cost of seeds.
Benefit-Cost Ratio
Benefit-cost ratio for each treatment was calculated by dividing gross profit by total cost of cultivation. The benefit cost ratio was calculated using the following formula:
Where, BC ratio was the benefit-cost ratio, GP and TVC were as defined above.
Results and Discussion
Cost, Grain Yield, Profitability and Benefit-Cost Ratio of Weed Management Methods
The impact of weed management method on total variable cost of cultivation, grain yield, gross profit, and benefit-cost ratio of cowpea is shown in Table 1 . Total variable costs of cultivation were higher in all weed management methods than unweeded control and differences were mainly due to cost of weed control. Removing weeds thrice by hand, at 3, 6, and 9 WAP (T6) incurred the highest total cost ($132/ha) compared to other weed management methods due to accumulated labour cost as suggested by cost of weed control. On per unit input, the use of PRE-herbicide (T1) as a single input of weed control incurred less cost compared to hand weeding (T4) as a single input. The relatively higher cost incurred by hand weeding could be attributed to increase in required labour, which were usually expensive. This finding confirmed other reports that, the use of herbicide for weed control is less expensive than hand weeding (Oerke, 2006; Patil et al., 2014) . Grain yields of all weed management methods were higher than the unweeded control. This was expected as it has been previously reported that allowing weeds to compete with cowpea could substantially reduce yield (Adigun et al., 2014; Gupta et al. 2016) . The highest yield (562 kg/ha) was obtained when weeds were removed with PRE-herbicide followed by hand weeding at 6 WAP (T3). The highest yield obtained could be attributed to early weed control by the PRE-herbicide and removal of later emerging weeds at the critical time by hand weeding (Dadari, 2003; Osipitan et al. 2016 ).
The results indicated that it was more profitable to control weeds in cowpea using any of the weed management methods than allowing weeds on the plots. This was clearly as a result of obtaining substantially higher yield in weed-controlled plots compared to unweeded plots. Integrating PRE-herbicide and hand weeding (T3) provided the highest gross profit (154 $/ha) due to increased yield at a relatively less cost. The findings is similar to that of Kumar and Singh (2017) in which integrated weed management treatments gave higher gross and net returns, compared to non-integrated approach. As suggested by the benefit-cost ratio, there was an increase in economic benefit for every $1 spent on weed management except when weeds were frequently removed thrice by hand (T6) during the cowpea cultivation period. This was because increasing frequency of weed removal to three by hand did not guarantee highest yield (Adigun et al. 2014) , but rather increased the cost of weed control. The highest benefit-cost ratio (1.73) was obtained with weed management using PRE-herbicide (2.4 L/ha) alone (T1), and this was largely due to relatively lower cost of weed control.
Influence of Cowpea Row-Spacing on Cost, Grain Yield, Profitability and Benefit-Cost Ratio of Weed Management Methods
The influence of cowpea row-spacing on cost, grain yield, gross profit and benefit-cost ratio of weed management methods is presented in Table 2 . Reducing cowpea row-spacing increased cost of cultivation (88.5 to 108 $/ha), grain yield (419 to 508 kg/ha), gross profit (96.9 to 130.8 $/ha), and benefit-cost ratio (1.1 to 1.2).
Increase in cost of cultivation in the reduced row-spacing can be attributed to increase in required seeds per hectare with consequent increase in cost of seed and planting. The reduction in row-spacing increased total population of cowpea plant per hectare which subsequently increased grain yield. Reducing row-spacing also reduced the available space for weeds, thereby reducing the negative effect of weeds on cowpea yield (Osipitan et al., 2016) . Removing weeds three times by hand (T6) during the cowpea growing season consistently incurred the highest cost of cultivation for all row-spacing. In all row-spacing, PRE application of herbicide at 2.4 L/ha (T1) consistently resulted in the highest benefit-cost ratio, and when supplemented with hand weeding at 6 WAP (T3), the highest yield and gross profit were consistently obtained.
Generally, for all row-spacing, the order of benefit-cost ratio was T1 > T3 > T5 > T2 > T4 > T6 > T7 with one exemption. This exemption was found in 90 cm row-spacing, in which weed management with PRE-herbicide at a higher rate (4.8 L/ha, T2) resulted in benefit-cost ratio lower than the unweeded control. This could be attributed to relatively reduced yield as a result of cowpea injury caused by increased rate of the PRE-herbicide with associated reduction in plant population per hectare (Osipitan et al., 2013) .
Conclusion
Total variable cost of cowpea cultivation was substantially influenced by cost of weed control. A single input of hand weeding resulted in higher cost of weed control than a single input of PRE-herbicide for weed control. Increase in weed control inputs or frequency did not guarantee increase in economic benefits. For example, removing weeds three times with hand at 3, 6 and 9 WAP during cowpea growing season did not necessarily result in the maximum yield, but rather increased the cost of weed control. Integrating PRE-herbicide and hand weeding for weed management gave the highest yield and gross profit. The lowest cost of weed control provided by using PRE-herbicide gave the highest benefit-cost ratio. The differences in economic values of weed management methods were mostly not affected by cowpea row-spacing, but generally, economic benefits of management methods decreased with increase in row-spacing. Practically, this study suggests that minimizing the use of hand weeding by complementing with PRE-herbicide for weed management could help to optimize yield, and increase profitability and benefit-cost ratio; particularly under a narrow row-spacing in cowpea cultivation.
